Introduction
Because of the widespread applications of various organic solvents in a considerable number of industrial processes large enough amounts of these compounds can be released in the ambience to cause environmental pollution, public concern and legislation problems. The majority of organic solvents are volatile or semi-volatile and more or less soluble in water, therefore, they can equally occur in the atmosphere, 1 water, 2 sediment 3 and soil. 4 Furthermore, organic solvents such as alkanes, 5 benzene, 6 and alcohols 7 may represent serious health risk factors. The toxic effects of organic solvents are not entirely understood at the level of molecular biology. It can be assumed that the first step consists of the binding of these compounds to the macromolecules of the target organ or organism. 8 In recent decades a great number of biochemical and biophysical methods have been applied to study the molecular interactions between various molecules such as peptides, 9 proteins, 10 and amino acids. 11 Because of the high separation capacity and sensitivity chromatographic methods have frequently been applied in the determination of molecular interactions. 12 These techniques have shown some advantages: they are rapid and the compounds to be studied need not to be very pure because their impurities separate under the chromatographic process.
Principal component analysis (PCA), a versatile and easy-touse multivariate mathemathical-statistical method has been developed to contribute to the extraction of maximal information from large data matrices containing numerous columns and rows. 13 PCA makes possible the elucidation of the relationship between the columns and rows of any data matrix without being one the dependent variable. PCA is a so-called projection method representing the original data in smaller dimensions. It calculates the correlations (similarities and dissimilarities) between the columns of the data matrix and classifies the variables according to the coefficients of correlations taking into considerations multaneously the magnitude and the sign of the coefficients of correlation. PCA has been frequently used in many fields of up-to-date research. Thus, it has been employed in quantitative structure-activity relationship (QSAR) studies, 14 for the exploration of molecular structure-property relationships, 15 for the evaluation of molecular lipophilicity, 16, 17 for theoretical organic chemistry, 18 for quantitative structure-retention studies in chromatography, 19 for the elucidation of structure-biodegradation relationships, 20 for the clustering of amino acids, 21 for the assessment of solvent properties, 22 and as polarity indicators in gaschromatography. 23 As the resulting matrices of PC loadings and variables are generally multidimensional they cannot be evaluated by visual methods. Cluster analysis (CA) 24 and nonlinear mapping techniques (NLMAP) have been developed for the reduction of the dimensionality of such matrices. 25 The objectives of the study were the measurement of the interaction of some common organic solvents with the corn protein zein using high-performance liquid chromatography (HPLC), the use of PCA for the elucidation of the impact of physicochemical characteristics of solvent molecules on the interaction and the comparison of the efficacy of CA and NLMAP for the reduction of the dimensionality of data matrices.
The investigation of the binding of organic solvents to zein was motivated by the facts that zein is an important source of protein in many countries and that these solutes are priority pollutants in possible contact with zein. The elucidation of the mode of binding may facilitate not only a better understanding of the interactive forces between proteins and organic pollutants but also may promote the development of more efficient environmental control procedures. 
Experimental
Graphitized carbon support 26 with high specific surface area 27 that was suitable for the preconcentration of volatile chlorinated hydrocarbons 28 and other organic compounds from water 29 and environmental samples 30 was provided by Professor Dusan Berek (Polymer Institute of the Slovak Academy of Sciences, Bratislava, Slovakia). Zein-coated carbon stationary phase was prepared by dissolving 2 g of zein in 200 ml 2-propanol-water 7:3 v/v mixtures at 70˚C under continuous gentle stirring. After the dissolution of the protein 20 g of carbon support was added and the mixture was stirred for 2 h at the same temperature. Then the solvents were removed under vacuum. The zeincoated stationary phase was dried in a vacuum oven at 70˚C. Columns of 150 × 4.6 mm i.d. were filled with a Shandon (Pittsburgh, PA, USA) analytical pump using bidistilled water as filling agent. The HPLC system consisted of a Liquopump Model 312 (Labor MIM, Budapest, Hungary) pump, a Cecil CE-212 variable wavelength UV detector (Cecil Instr., Cambridge, UK), a Valco injector (Valco Inc., Houston, TX, USA) with a 20 µl sample loop and a Waters 740 integrator (Water-Millipore Inc., Milford, MA, USA). The flowrate was 1 ml min -1 and the detection wavelength was 200 nm. Bidistilled water was used as eluent. Determinations were run at ambient temperature (22±2˚C). Each retention time was measured by three consecutive injections. Intraday and interday (day-to-day) reproducibilities were determined by five injections of the same sample at five consecutive days. Organic solvents and their origins are listed in Table 1 . The log kw value, theoretical plate number (N), and assymetry factor (AF) were calculated separately for each solute. It was supposed that a higher log kw value indicates higher affinity of the environmental polutants to zein; therefore, the log kw value can be used as a quantitative indicator of the strength of the solute-protein interaction. It has been further assumed that the N value characterizes the distribution of the adsorption centers on the zein surface when the distribution is Gaussian (higher N value signifies higher differences among the binding strengths of adsorption centers). Consequently, AF can be considered as the measure of the nonGaussian character of the distribution of the binding strengths of adsorption centers.
PCA has been applied for the elucidation of the relationship between the binding characteristics of solutes and their physicochemical parameters. The variables were the binding parameters (log kw, N and AF, further variables 1, 2 and 3, respectively) and the following calculated physicochemical characteristics of solvent molecules: π = Hansch-Fujita's substituent constants characterizing hydrophobicity (4), H-Ac and H-Do = indicator variables for proton acceptor and proton donor properties, respectively (5,6), M-RE = molar refractivity (7), F and R = Swain and Luton's electronic parameters characterizing the inductive and resonance effects (8,9), S-Me and S-Pa = Hammett's constants characterizing the electronwithdrawing power of the substituents at meta (10) and para position (11), Es = Taft's constant characterizing the steric effects of substituents (12), B1 and B4 = Sterimol width parameters determined by distance of substituents at their maximum point perpendicular to attachment (13, 14) , ETOTAL = total energy of the molecule (15), EHOMO = energy of the highest occupied molecular orbital (16) , ELUMO = energy of the lowest un-occupied molecular orbital (17), V = molar volume of the molecule (18), µ = dipole moment (19) , khi = topological index (20) . Variables 4 -14 were calculated according to the additivity rule from the valves of the fragmental constants. Observations were the solvents. The ratio of variance explained was set to 90%. In order to compare the efficacy of various data reduction methods NLMAP and CA were applied for the multidimensional matrices of PC loadings and variables. Iterations for NLMAP have been carried out to the point where the difference between the last two iterations was lower than 10 -8 .
Results and Discussion
Some typical chromatograms are shown in Fig. 1 . Chromatograms A and B prove that the retention (binding strength) and the peak shape (width and symmetry) of organic solvents is markedly different, demonstrating that the binding characteristics of solutes do really deviate from each other. Chromatogram C illustrates that zein can really differentiate between the solvents. Both intraday and interday (day-to-day) reproducibilities were lower than 1.8% proving the good stability of the zein-coated stationary phase and the reliability (robustness) of the HPLC system. The results of PCA are compiled in Table 2 . in the first two principal components. This result suggests that the binding of organic solvents to zein depends on more than one physicochemical parameter. This would demonstrate the involvement of various interactive forces in the binding (mixed binding mechanism). The two-dimensional nonlinear map of principal component loadings is shown in Fig. 2 . The scales of the maps are dimensionless numbers indicating only the distribution of points on the two-dimensional plane. The results entirely support the previous qualitative conclusions.
Log kw (point 1) characterizing the strength of the binding of organic solvent to zein form a well defined cluster (cluster A) with the hydrophobicity (point 4), molar refraction (7), dipole moment (16) and topological index (20) . This finding can be tentatively explained by the supposition that pollutants bind by hydrophobic forces to the apolar side chains of amino acids on the surface of zein. However, the data suggest that the availability of these adsorption sites depends markedly on the sterical correspondence of the interacting molecules or molecular substructures. Other binding parameters indicating the Gaussian (N, point 2) or non-Gaussian character of the distribution of the adsorption sites (AF, point 3) form a clear-cut cluster (cluster B) with some polarity (H-Ac, H-Do, F) and sterical parameters (B1, B4). This result demonstrates that mainly electrostatic, polar interactions account for the distribution of the adsorption centers, but sterical correspondence also influences the distribution.
The complexity of the distribution pattern of binding characteristics and physicochemical parameters makes it probable that the solute molecules can interact with more than one amino acid residue, which would demonstrate the nonselective character of the binding. This distribution further indicates that the individual amino acid residue responsible for the binding cannot be defined.
The cluster dendogram carried out on the principal component loadings is shown in Fig. 3 . The distribution of binding parameters and physicochemical characteristics is similar on the map and dendogram indicating that both methods can be employed for the reduction of the dimensionality of multidimensional data matrices. their chemical structure neither on the map nor on the cluster dendogram. This distribution may be due to the fact that each molecular part (apolar alkyl chain, polar hydroxy group, bulky ring structure) influences more or less equally the binding parameters, and so the effect observed is the result of the interplay of the various interactive forces.
Conclusion
Zein-coated carbon stationary phase can be successfully used for the study of the binding characteristics of organic solvents to the protein using common high-performance liquid chromatographic instrumentation. The procedure proposed is rapid, reliable and relatively simple and can replace other physicochemical methods such as equilibrium dialysis, thermogravimetry and differential scanning calorimetry. Principal component analysis followed by nonlinear mapping technique or cluster analysis is suitable for the elucidation of the relationship between the binding characteristics and physicochemical parameters of this set of organic solvents. ANALYTICAL SCIENCES FEBRUARY 2003, VOL. 19 Table 1 . Table  1 .
